Confirmed outbreaks of African horse sickness (AHS) occurred in the surveillance zone of the Western Cape in 1999 and 2004, both of which led to a two-year suspension on the export of horses. Light trap surveys in the outbreak areas showed that known vector competent Culicoides species, notably C. imicola, were abundant and present in numbers equal to those in the traditional AHS endemic areas. Isolations of AHS virus serotypes 1 and 7, equine encephalosis virus, and bluetongue virus from field-collected C. imicola in the surveillance zone demonstrated that this species was highly competent and could transmit viruses belonging to different serogroups of the Orbivirus genus. Molecular identification of recovered virus isolates indicated that at least two incursions of AHS into the surveillance zone had taken place in 2004. The designation of an AHS-free zone in the Western Cape remains controversial since it can be easily compromised, as evidenced by the two recent outbreaks. In light of the results reported in the present study, the policy of maintaining a large population of unvaccinated horses in the surveillance zone should be reconsidered, as it leaves them vulnerable to infection with AHS virus, which is the most pathogenic of all equine viruses.
Introduction
African horse sickness (AHS) is an arthropod-borne viral disease that affects all equids. The causal agent, AHS virus (AHSV), is endemic in sub-Saharan Africa and possibly Yemen; however, outbreaks do occur periodically in countries far beyond these areas (23) . To date, nine distinct serotypes of AHSV have been identified (13, 17) . African horse sickness is the most lethal viral disease of horses (8) . It was the only equine disease included in the former List A of diseases notifiable to the World Organisation for Animal Health (OIE) (48) .
African horse sickness virus has been present in Africa for many centuries. In South Africa, where no indigenous horses existed, it was first noticed in 1652 after the introduction of horses from Europe and the Far East into the Cape of Good Hope (12) . The disease was frequently mentioned in the records of the Dutch East India Company, and in 1719 nearly 1,700 horses in the Cape of Good Hope succumbed to the dreaded horsesickness, also known as 'perreziekte' or 'pardeziekte' (35) . The decline in the number of AHS outbreaks over the last few decades of the 20th Century, particularly in the southern areas of South Africa, is partly due to the elimination of large freeranging populations of zebra (Equus burchellii), which are considered to be the natural cycling host for the virus (2, 23) . Of equal importance was the introduction of a polyvalent AHS vaccine in 1974, which created a barrier of immune horses that probably impeded the southerly spread of AHSV in South Africa. Major epidemics of AHS occur every ten to fifteen years in South Africa, and a strong link between the timing of the epidemics and the warm El Niño/Southern Oscillation has been identified (3).
The endemnicity of AHSV in southern Africa greatly disrupts the movement of horses from South Africa to Europe and the rest of the world. Traditionally, AHS was most prevalent in the northern parts of South Africa. Data from 1955 up to 1995 indicated that outbreaks of AHS occurred every summer in the northern provinces of South Africa, approximately once every five to ten years in the centre of the country, and only rarely in the Western Cape (5) . Since 1950, confirmed outbreaks of AHS in the Western Cape were reported in 1967 (5) , 1990 (9) , 1999 (4), and 2004. It has been postulated that outbreaks of AHS in the Western Cape occurred following the transportation of viraemic horses from endemic areas (4, 5, 11) .
In a six-year survey from 1979 to 1985, Culicoides midges were collected at 25 sites throughout South Africa and 918 virus isolates were identified from 4,506 pools of midges (26) . While AHSV was isolated in 66 cases, of which 94% were from midges collected in the north of the country, it was not isolated from midges collected in the Western Cape (26) .
Based on the data of Bosman et al. (5) , an area within Cape Town was identified as AHS-free. Surrounding this declared AHS-free area is a surveillance zone and an outer protection zone. The AHS-free area is approximately 140 km 2 and comprises part of Metropolitan Cape Town (11) . The surveillance zone has a minimum radius of 50 km (10,000 km 2 ). The protection zone has a minimum radius of 100 km (180,000 km 2 ) and separates the surveillance zone from the rest of South Africa (AHSinfected zone). The AHS-free area is separated from the surveillance zone by major thoroughfares, and the surveillance zone is separated from the protection zone by a river to the north and a mountain range to the east. The provincial border of the Western Cape forms the boundary between the protection and infected zones (11) . These zones are managed in such a way that movements of all horses are monitored and are subject to very specific conditions (11) . In addition, sentinel animals are regularly monitored for antibodies to AHSV and all mortalities in horses are investigated. Vaccination of all horses is prohibited in the AHS-free area and the surveillance zone (11) .
African horse sickness virus is only transmitted when infected Culicoides species (Diptera: Ceratopogonidae) feed on a susceptible host, and only certain species of the Culicoides genus are classified as competent vectors (23) . The most important vector is the Afro-Asiatic species: Culicoides (Avaritia) imicola Kieffer (23) . The geographical distribution and seasonal incidence of AHSV is thus limited not only by the availability of the virus and susceptible vertebrate hosts but also by the presence of competent arthropod vectors. Prior to 1999, only two light trap surveys were conducted in the Stellenbosch area (situated in the Western Cape, South Africa) (25, 37, 41, 42) . As part of a countrywide survey (26, 41, 42) , 62 collections were made from January 1984 to November 1986 at one site (located near cattle on the Welgevallen Research Farm), and in November 1986 a more intensive survey was conducted at 22 sites in the Stellenbosch area (25) . These surveys indicated that C. imicola, a proven vector of AHSV, was less abundant in the Stellenbosch area than in the traditional AHS-endemic areas of the country, which are characterised by summer rainfall. The November 1986 Stellenbosch survey (25) 
Materials and methods

Study area
The Stellenbosch area referred to in the present study is similar to the area surveyed in 1986 (25) and covers 540 km 2 , extending from 33˚40' to 34˚00' S and from 18˚40' to 19˚00' E. The south-eastern part is mountainous, with wide, flat valleys opening into gently rolling countryside in the north-west. The Stellenbosch area is a winter rainfall region, receiving between 600 mm and 1,000 mm of rain per annum depending on the proximity to the mountains, where precipitation is higher (34). The six months from April to September receive 75% of the annual total rainfall for the region. Summers are relatively hot and temperatures below freezing and frosting are seldom recorded in the winter. At Elsenburg, where the Western Cape Department of Agriculture is located and the first horse deaths occurred in the 2004 outbreaks of AHS, the mean daily minimum temperature for the coldest month (July) is 7°C (34). The natural vegetation of the study area is classified as Coastal Rhenoster-bosveld and Macchie or Fynbos (1); however, except in protected areas, very little of this vegetation remains. Much of the region is intensively farmed, especially in areas where water is available for irrigation during the dry summer. In these areas the production of grapes and deciduous fruits is important, as is the production of kikuyu, white clover, and other types of pasture for intensive livestock farming. In areas where water availability is limited, winter wheat is planted and livestock are raised on natural pastures (25) .
Culicoides collections
Culicoides species were collected from dusk to dawn on farms near livestock, mostly horses, using five 220 V black light down-draught suction light traps. Collections were made directly into phosphate buffered saline (PBS) to which 0.5% Savlon antiseptic (Clorhexidane gluconate 0.3 g/100 ml and Cetrimade 3.0 g/100 ml [Johnson & Johnson, SA]) had been added (45) . Collected samples were kept at 4°C until processed for the presence of virus. During species identification, Culicoides were age-graded, according to the method of Dyce (10) , and sorted in PBS into pools of 100 to 500 parous females per species. As there is no proof that arboviruses can be transmitted transovarially in Culicoides species (27) , only parous females were used for virus isolation attempts.
Virus isolation from midge pools
Midge pools were washed twice in fresh PBS and then homogenised in 250 µl of chilled Eagles minimum essential medium (EMEM) containing antibiotics and an antimycotic (200 µg/ml of penicillin/streptomycin and 2.5 µg/ml of amphotericin B [Fungizone ® ]) using a batterypowered microtissue grinder (43) . Homogenised samples were centrifuged at 14,000 ϫ g for 10 min at 4°C and the individual supernatants were transferred into sterile 1.5 ml microtubes. The pellet was disrupted using a freezethaw technique and homogenised in 100 µl of EMEM. Homogenised pellet samples were centrifuged at 14,000 ϫ g for 10 min at 4°C, the individual supernatants were added to the first supernatant, and 1,650 µl of EMEM was added. Samples were then filtered using 0.2 µm filters and 20% foetal calf serum (Delta Bioproducts, South Africa) was added. Half of the volume (1 ml) of each sample was diluted 1:2 in EMEM and 250 µl of the dilution was used to inoculate two 25 cm 2 plastic culture flasks containing 48 h-old monolayers of Vero cells. After one hour of incubation at 37°C on a platform shaker, inoculated cells were rinsed once with sterile PBS, overlaid with 10 ml of EMEM containing 1% foetal calf serum, and incubated at 37°C in a 5% CO 2 incubator. Inoculated cells were examined microscopically daily for 10 days post inoculation for cytopathic effects (CPE). In the absence of CPE, cultures were frozen at -70°C, thawed, and re-passaged for two blind passages (20) .
Virus identification
Viruses isolated from tissue cultures were identified by molecular methods (14, 16) . Briefly, the total RNA was extracted from the tissue cultures and double stranded RNA (dsRNA) was isolated by means of differential precipitation with lithium chloride (LiCl) and used as templates for amplification by reverse transcription polymerase chain reaction (RT-PCR). The AHSV isolates were identified and serotyped using RT-PCR and reverse line blot hybridisation (16) . Bluetongue virus (BTV) isolates were identified using a serogroup specific RT-PCR (14) . Equine encephalosis virus (EEV) typing was done using a microtitre virus neutralisation procedure.
Sequence analysis
Full-length segment 2 AHSV DNA was cloned and sequenced after RT-PCR amplification from isolated dsRNA as described by Koekemoer et al. (15) . This was done on the AHSV serotype 7 midge pool isolate from one of the collection sites in the 2004 survey and on three other serotype 7 viruses isolated from field cases sent to the OIE Reference Centre for AHS at OVI. Partial nucleotide sequences of genome segment 2 were aligned using the program CLUSTAL X (36) , and the aligned sequences were used to construct a phylogenetic tree by means of a UPGMA (unweighted pair-group method using arithmetic averages) computer algorithm.
Statistical analyses
Fisher' s Exact and Kruskal-Wallis tests (Nonparametric ANOVA [Analysis of Variance]) were used to interpret statistical data.
Results
Light trap collections
The identification of the Culicoides species recovered from black light traps during outbreaks of AHS in the Stellenbosch area in March to April 1999 and April 2004 are shown in Table I and II respectively. In Table III Table I ). The proven AHSV vector, C. imicola, representing 96% of the total number of midges collected, was the only species identified at all 15 collection sites (Table III) . Its representation varied from 43.2 to 98.5% at the various sites and was the dominant Culicoides species at all 15 sites sampled ( Table I ). The second most abundant species, C. zuluensis, was collected at 14 of the 15 sites sampled and represented 1.7% of the Culicoides specimens collected. Culicoides bolitinos was found at 13 of the 15 sites sampled and was the third most abundant species, representing 1.1% of all Culicoides specimens collected. A further ten Culicoides species, each representing less than 1%, were also collected (Tables I & III 63,260 (average = 4,808) ( Table II) . As in the 1999 survey, C. imicola, representing 94.6% of all Culicoides specimens collected, was the dominant species at all sites (Tables II & III) . It was also the most widespread, as it was the only Culicoides species that was present at all of the sites sampled. As in the 1999 survey, the second and third most dominant species collected were C. zuluensis (3.1%) and C. bolitinos (1.4%), respectively. In the 2004 survey, C. zuluensis and C. bolitinos were collected at 14 and 13 of the 16 sites sampled, respectively (Table  III) . A further 12 Culicoides species, each representing less than 1% of the Culicoides specimens, were collected (Tables  II & III) .
Culicoides magnus and C. gulbenkiani, shown to be the codominant species in the 1986 survey (25), represented less than 1% of all Culicoides specimens collected in both the 1999 and 2004 surveys (Table III) . In all three surveys, C. imicola was found to be widely distributed in the area and was present at all of the sites sampled. However, in the 1999 and 2004 surveys C. imicola was the dominant species at all of the sites sampled, which was significantly different (P < 0.001) from the 1986 survey, where it was dominant at only five of the 22 sites sampled (Table III) The average number of C. bolitinos (P = 0.275) and C. zuluensis (P = 0.237) collected at each of the sites did not differ significantly between the three surveys. 
Field infection prevalence
To determine the field infection prevalence in Culicoides species collected during the 1999 outbreak of AHS, 331 pools consisting of 100 parous C. imicola females and three pools consisting of 500 parous C. imicola females were analysed for the presence of virus (Table IV) . While EEV serotype 1 was isolated from 13 of the pools, AHSV serotype 7 was only isolated once (Table IV) . Field infection prevalence in C. imicola was calculated, using the method of Walter et al. (46) , to be 0.003% for AHSV and 0.038% for EEV. Based on the field infection prevalence of the 1999 survey, the pool size for C. imicola was increased to 500 specimens in the 2004 survey. The number of pools Figure 1 .
Discussion
Several studies have shown that the major vector of AHSV in Africa is C. imicola (6, 19, 38, 39) . Until recently, this species was also considered the only Culicoides species involved in the transmission of AHSV. However, a second African species, C. bolitinos, which was the third most abundant Culicoides species in the 1999 and 2004 surveys, has been shown in the laboratory (44) and in the field (20) to be a competent vector of AHSV. Culicoides bolitinos has a wide distribution in southern Africa (18) and, like C. imicola, has also been implicated as a vector of EEV (20, 30) , epizootic haemorrhagic disease of deer virus (31) , and BTV (28, 43) . The fact that C. bolitinos breeds in bovine dung (18, 24) makes this species less dependent on average annual precipitation and soil type for survival and reproduction and facilitates the penetration of the species into cooler highland areas where it is particularly abundant and C. imicola is less common (20, 38, 39) .
The fact that AHSV, BTV, and EEV could be isolated from field-collected C. imicola in the present study confirms that vector competent populations of this species are present in the Stellenbosch area. While only AHSV serotype 1 was isolated from sick and dead horses as well as from fieldcollected midges during the 2004 outbreak, AHSV serotype 7 was only isolated from field collected C. imicola (Table IV) .
The origin of the AHSV 7 isolate was of interest as there had previously been a major outbreak of this serotype in the Stellenbosch area (4). Genetic characterisation was used to determine whether the AHSV 7 isolate was a remnant of the previous Stellenbosch epizootic or was a new introduction to the area. Genome segment 2 sequence data from AHSV 7 horse and midge isolates from the 1999 Stellenbosch outbreak was available from a previous study (15) and was used as a reference. Sequence data from a corresponding part of genome segment 2 indicated that there was a clear distinction between the AHSV 7 isolated from a midge pool during this study (MP84/04) and the AHSV 7 topotype that caused the 1999 outbreak in the same area (Fig. 1) . However, when compared to AHS viruses circulating during the same season in the northern parts of South Africa, the AHSV 7 isolate from the present study showed 100% sequence identity. This finding, therefore, eliminated the possibility that the AHSV 7 isolate from 2004 was a carryover from the 1999 outbreak and implied that the virus was a new introduction from the traditional AHS endemic area(s) of the country.
Because the Stellenbosch area falls within the AHS surveillance zone in the Western Cape, none of the 8,000 equines in this entire area should be vaccinated against AHS (11) . However, in order to contain the 1999 and 2004 outbreaks of AHS in this area, all equines were vaccinated with a commercially available polyvalent vaccine. It has been shown that various species of Culicoides can replicate live-attenuated serotype specific vaccine strains that are currently used for the production of the commercial AHS polyvalent vaccine in South Africa (29) . However, comparison of the nucleotide sequence of part of the genome segment 2 of the 2004 AHSV serotype 7 isolate with the sequence from the same segment from the AHSV serotype 7 vaccine strain revealed genetic differences which seemed to rule out the possibility that the vaccine strain was isolated from the midge pool (data not shown).
The 2004 results indicated that in addition to AHS serotype 1, which caused deaths in horses, AHS serotype 7, which was not detected in horses, was also present in the Stellenbosch area during this time.
Incursions of AHSV can be caused via the movement of viraemic horses from infected zones or via infected midges. Except for a single mountain range, the borders of the various zones are mostly administrative and do not safeguard the surveillance area from the movement of Culicoides midges, especially along the coast. There is compelling evidence that Culicoides can be transported by prevailing winds for hundreds of kilometres (33) . It is, however, also possible that the midges can be dispersed with livestock (21) . As little is known about reservoir hosts in the surveillance zone and adjoining areas, it is not possible to rule out the possibility that infected midges will enter or are already present in these areas. Considering these uncertainties, coupled with the relatively high abundance of Culicoides species in the surveillance zone, it is advisable that susceptible horses be protected against AHSV at all times.
The host preference of C. imicola for larger mammals is not restricted to horses, and taking into account the relatively low number of viraemic horses in the outbreak area and the number and variety of other mammals that the midges can feed upon, the low infection prevalence (0.003% for AHSV and 0.038% for EEV) detected in field-collected midges is not unexpected. Low infection prevalence in an insect vector is typical of an arbovirus outbreak (7, 46) . However, the superabundance of C. imicola, as determined by light trap collection, compensates for the relatively low infection prevalence. The present abundance of midges in this area is sufficient to successfully transmit AHSV.
It was found that numbers of Culicoides species, especially C. imicola, collected during the 1999 and 2004 surveys exceeded population numbers in the traditional AHSendemic areas during the same period. Since there is no evidence that AHSV is transmitted transovarially by the vectors, persistence of the virus is only possible in areas where active adult vectors are present throughout the year. For example, C. imicola can be collected in low numbers throughout winter at Onderstepoort, which is an area that experiences frost (42) . Stellenbosch has a frost-free winter, so it is likely that Culicoides adults are present in this area during the winter (42) . If a suitable reservoir host for AHSV is present it will, therefore, be possible for AHSV to overwinter in the Stellenbosch area. To ensure that the transmission cycle of AHSV is successfully broken, vectorfree periods must be longer than the maximum period that circulating virus is found in the local susceptible vertebrate population following infection (22) . Regarding the transovarial transmission of viruses in Culicoides species, it is worthwhile mentioning recent work showing that it is possible to detect BTV, a closely related Orbivirus in the family Reoviridae nucleic acid by nested RT-PCR in C. sonorensis larvae (47) . The published data also suggest that BTV may not require abundant expression of the outer coat genes, used for viral detection, to persist in the insect vector and that this could explain the low rate of isolation of the virus from insects (47) .
The distribution of AHSV is largely controlled by the abundance, prevalence, and seasonal incidence of certain species of Culicoides biting midges. The results of the 1999 and 2004 surveys conducted in the months of March and April on Culicoides species composition and abundance, indicated that the abundance of the proven AHSV vector, C. imicola, was up to 400 times more than the abundance reported in the November 1986 (25) survey or the two-year survey conducted from 1984 to 1986 (42). Because of seasonal variation and variation in climatic conditions between years, coupled with environmental factors on the night of collection at each site, direct comparison between these data sets is not entirely possible and conclusions must be made cautiously. It can, however, be pointed out that the maximum catch size for C. imicola during the two-year Welgevallen survey (1984 to 1986) was 5,540 specimens (representing only 36.6% of the more than 15,000 midges collected) collected in April 1986. In contrast to the April 1986 data, C. imicola was collected in very low numbers in April 1985 (5.6% of a total of 1,632 midges collected) and April 1984 (2.5% of a total of 1,997 midges collected) at Welgevallen. The maximum number of C. imicola collected in the November 1986 survey (25) was 1,123 specimens (60.3% of a total of 1,863 midges collected).
During the 1999 and 2004 surveys, C. imicola was superabundant and the most dominant Culicoides species in the Stellenbosch area, indicating the important role of Culicoides species in the transmission of AHSV to this area. The apparent increase in Culicoides population numbers in comparison to previously published data for the Stellenbosch area coincided with the northward expansion of C. imicola into many areas of Europe, which was attributed to a corresponding change in climate in the region (32) . Bluetongue virus, also transmitted by C. imicola and closely related to AHSV, has already entered many parts of Europe and is causing unprecedented outbreaks of disease in ruminants, suggesting that the same situation may occur with AHSV in equids (23) . The abundance of most of the other Culicoides species collected in the present study did not change significantly from previous collections made in the Stellenbosch area. To determine if the high numbers of C. imicola collected in the 1999 and 2004 surveys is a true reflection of the status of the vector, or rather the result of yet undefined factors, and to confirm the absence of vector-free periods, it will be necessary to conduct a more intensive and seasonal Culicoides survey in this area.
Entomological and virological results presented for the Stellenbosch area in the present study demonstrated that the designation of the AHS-free zone in the south-west of the Western Cape remains controversial. The current veterinary policy of maintaining large populations of unvaccinated horses in the surveillance zone is of concern since it leaves horses vulnerable to infection with the most deadly of all equine viruses and, as evidenced by the 1999 and 2004 outbreaks, this zone can easily be compromised. It is, therefore, recommended that geographical boundaries of the zoning system for AHS and the present vaccination policies for equids residing within the various zones be reconsidered.
Enquête sur les foyers de peste équine survenus dans la zone de surveillance en Afrique du Sud 
Resumen
En 1999 y 2004, en la zona de vigilancia del Cabo Occidental, se produjeron sendos brotes confirmados de peste equina que obligaron a suspender durante dos años las exportaciones de caballos. Gracias a un estudio con trampas luminosas colocadas en las zonas afectadas por los brotes se descubrió que las especies que, según se sabe, son competentes con el vector, esto es, las del género Culicoides, y en especial C. imicola, eran allí tan abundantes como en zonas donde la enfermedad es tradicionalmente endémica. El aislamiento de los serotipos 1 y 7 de la peste equina y los virus de la encefalosis equina y la lengua azul en ejemplares de C. imicola capturados en la zona de vigilancia demostró que esta especie era muy competente y podía transmitir virus pertenecientes a distintos serogrupos del género Orbivirus. El análisis molecular de las muestras víricas obtenidas puso de manifiesto que en 2004 se habían producido al menos dos incursiones distintas del virus de la peste equina en la zona de vigilancia. La designación de una zona libre de la enfermedad en el Cabo Occidental no deja de suscitar controversia por la facilidad con que puede verse expuesta, como demuestran esos dos brotes. En vista de los resultados descritos en el presente estudio, convendría recapacitar sobre la política seguida hasta ahora de mantener a una gran población de caballos no vacunados en la zona de vigilancia, porque ello los hace vulnerables a la infección por el virus de la peste equina, que es el más patógeno de todos los virus equinos.
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Culicoides imicola -Encefalosis equina -Estudio con trampas luminosas -Lengua azul -Peste equina -Prevalencia infecciosa sobre el terreno. moléculaire des isolats viraux a révélé que le virus de la peste équine a fait au moins deux incursions dans la zone de surveillance en 2004. La désignation d'une zone indemne de peste équine dans la province du Cap occidental reste sujette à discussion en raison de la fragilité de ce statut, comme le montrent les deux récents foyers. À la lumière des résultats de cette enquête, il conviendra de réexaminer le bien-fondé de la stratégie consistant à garder une importante population de chevaux non vaccinés dans la zone de surveillance, car elle les laisse vulnérables face au virus de la peste équine, le plus pathogène de tous les virus affectant les chevaux.
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